INTRODUCTION
Pulsating stars in binary systems have great potential to contribute to our understanding of stellar astrophysics. The orbit provides mass constraints for the two stars, while modelling of the pulsations (asteroseismology) yields information about their internal structure and rotation. When both stars are pulsating, such binary systems are particularly valuable.
Stars can oscillate in both pressure modes (p modes), which are most sensitive to conditions in the outer layers of the star, and gravity modes (g modes), which are most sensitive to the interior (e.g., Aerts, Christensen-Dalsgaard & Kurtz 2010) . Observations with the Kepler spacecraft have revealed that many main-sequence A and F stars show both δ Scuti (p-mode) and γ Doradus (g-mode) pulsations (Grigahcène et al. 2010; Uytterhoeven et al. 2011; Tkachenko et al. 2013; Balona 2014) .
Detailed studies of δ Sct/γ Dor hybrids have so far been carried out for two stars, namely KIC 11145123 (Kurtz et al. E-mail: mkee4218@uni.sydney.edu.au (MAK) † E-mail: bedding@physics.usyd.edu.au (TRB) ‡ E-mail: murphy@physics.usyd.edu.au (SJM) 2014) and KIC 9244992 (Saio et al. 2015) . Both of those stars rotate slowly (periods of 100 d and 66 d, respectively), with the rotation of the core differing only slightly from the rotation at the surface. The results showed that a strong angular momentum transport mechanism must be at work in main-sequence, intermediate-mass stars.
Here we discuss KIC 10080943, which is a non-eclipsing, double-lined spectroscopic binary (Tkachenko et al. 2013 ) in which we find both components to be γ Dor/δ Sct hybrids with moderate rotation. Huber et al. (2014) listed the following properties for KIC 10080943: T eff = 7360 ± 260 K, log g = 4.0 ± 0.4 and [Fe/H] = −0.2 ± 0.3, while the visual magnitude was measured by Tkachenko et al. (2013) to be V = 11.7.
This paper presents our analysis of the g-mode spectrum of KIC 10080943. A companion paper by Schmid et al. (2015) discusses the p modes and the binary properties, as well as addressing the individual stellar parameters of the constituent stars, as has been done for eclipsing binaries with intermediate-mass primaries (Hambleton et al. 2013; Debosscher et al. 2013; Maceroni et al. 2014 ). In particular, we have measured phase modulations in this system , showing that orbital variations in the light arrival times of some of the p-mode pulsations occur in anti-phase with others. This demonstrates that both stars pulsate in p modes as discussed by Schmid et al. (2015) . The same methodology cannot be applied to the g modes because the higher frequency density demands an unachievable frequency resolution, given the sampling required for the short orbit. Nonetheless, the focus of this paper is to show that both components also pulsate in g modes.
DATA ANALYSIS & RESULTS
When analysing high-order g modes, we are guided by the expectation that they are equally spaced in period (Tassoul 1980) . However, the steep composition gradient (µ gradient) between the core and outer layers can cause deviations from this uniform period spacing (Miglio et al. 2008) . Furthermore, as shown by Bouabid et al. (2013) , stellar rotation causes the period spacing to vary with frequency. These effects have been observed in Kepler data for a number of γ Dor stars Van Reeth et al. 2015a,b) .
For KIC 10080943, we used long-cadence data (29.4-minute sampling) from the full Kepler mission, spanning 1470.5 d (4.0 y). The Fourier spectrum (Fig. 1) shows pulsations in both the g-mode and p-mode frequency regions. These regions are clearly separated, with the g-mode region below approximately 6 d −1 and the p-mode region above approximately 8 d −1 . At low frequency there is a peak at 0.065209 d −1 with a long series of harmonics. Such harmonic series are often seen in binary stars. The inverse of this frequency is 15.335 d, which we take as the binary orbital period. KIC 10080943 was already established as a binary by Tkachenko et al. (2013) , and was selected for spectroscopic observations to determine the orbital parameters of the system. Those are presented in Schmid et al. (2015) .
To analyse the pulsation content, we sequentially extracted the 250 strongest peaks in the frequency range from zero to the Nyquist frequency (24.47 d −1 ) using PERIOD04 (Lenz & Breger 2004 , 2005 . Non-linear least-squares fitting was implemented during extraction. Although we were interested in the g modes, the p modes were also extracted because the spectral windows of the p and g modes overlap.
We also checked that the extracted peaks were not Nyquist aliases using the method outlined by Murphy, Shibahashi & Kurtz (2013) .
In the range 0.6 to 1.7 d −1 we identified six series of pulsation modes. Each is approximately equally spaced in period, consistent with a series of overtones with a common and m value. Furthermore, some of the series are separated from others by a fixed frequency, suggesting rotational splitting. Given that KIC 10080943 is a binary system, we were led to identify two sets of g modes with slightly different period spacings, one from each component of the binary. This is shown in Figs 2 and 3, where we have arbitrarily labelled the components of the binary as Stars A and B. In Star A we see rotationally split doublets, while Star B has triplets in which the central component is weak. There is also a sequence with slightly lower period spacing (asterisks) that we tentatively identify with = 2 modes. Note that Bed-2 M. A. Keen et. al.
(KIC 11145123 and KIC 9244992 respectively). Both stars rotate slowly (100 d and 66 d periods respectively), with the rotation of the core di↵ering only slightly from the rotation at the surface. These results show that a strong angular momentum transport mechanism must be at work in mainsequence, intermediate-mass stars. This is the first in a series of papers on KIC 10080943, which is a non-eclipsing, double-lined spectroscopic binary (Tkachenko et al. 2013 ) in which we find both components to be Dor/ Sct hybrids with moderate rotation. Huber et al. (2014) list the following properties for KIC 10080943: T e↵ = 7360 ± 260 K, log g = 4.0 ± 0.4 and [F e/H] = 0.2 ± 0.3, while the visual magnitude was measured by Tkachenko et al. (2013) : V = 11.7. Subsequent papers will address the p modes and binary properties, as well as addressing the individual stellar parameters of the constituent stars, as has been done for eclipsing binaries with intermediate-mass primaries (Hambleton et al. 2013; Debosscher et al. 2013; Maceroni et al. 2014 ). The phase modulation method ) has been applied to this system, showing that there are two sets of p modes in antiphase, hence showing that both stars pulsate in p modes. This will be discussed further in a subsequent paper.
In this paper we present an analysis of the g-mode spectrum for KIC 10080943. In the asymptotic regime, g modes are equally spaced in period (Tassoul 1980) . The steep composition gradient (µ gradient) between the core and outer layers causes a periodic deviation from this uniform period spacing (Miglio et al. 2008) . Furthermore, Bouabid et al. (2013) showed that the period spacing depends on the Coriolis force, as the rotation of the star shifts the g-mode frequencies to a higher value. These e↵ects have been observed in Kepler data for a number of Dor stars Van Reeth et al. 2015) .
For four years the Kepler mission continuously monitored over 150 000 stars searching for transiting exoplanets (Gilliland et al. 2010; Borucki et al. 2010) . The light curves of micromagnitude precision are also ideal for studying variable stars, and have ushered in a new age in asteroseismology.
We used long cadence (LC) data from the full Kepler mission (Q0 -Q17) spanning 1470.5 d (4.0 y). The Fourier spectrum (??) shows pulsations in both the g-mode and pmode frequency regions. These regions are clearly separated, with the g-mode region below approximately 6 d 1 and the p-mode region above approximately 8 d
1 . We sequentially extracted the 250 strongest peaks from the Fourier transform of the light curve in the frequency range of 0.05 d 1 to the Nyquist frequency of 24.47 d 1 using Period04 (Lenz & Breger 2004 , 2005 . Although we were interested in the g modes, the p modes were also extracted as their spectral window contaminates the low-frequency region of the Fourier spectrum, e↵ectively increasing the noise level. We also checked that the extracted peaks were not Nyquist aliases using the method outlined by Murphy, Shibahashi & and p-mode regimes (Grigahcène et al. 2010; Uytterhoeven et al. 2011; Tkachenko et al. 2013; Balona 2014) . Kurtz et al. (2014) and Saio et al. (2015) were the first to conduct a detailed analysis of g and p modes in Sct/ Dor hybrids (KIC 11145123 and KIC 9244992 respectively). Both stars rotate slowly (100 d and 66 d periods respectively), with the rotation of the core di↵ering only slightly from the rotation at the surface. These results show that a strong angular momentum transport mechanism must be at work in main-sequence, intermediate-mass stars. This is the first in a series of papers on KIC 10080943, which is a non-eclipsing, double-lined spectroscopic binary (Tkachenko et al. 2013 ) in which we find both components to be Dor/ Sct hybrids with moderate rotation. Huber et al. (2014) list the following properties for KIC 10080943: T e↵ = 7360 ± 260 K, log g = 4.0 ± 0.4 and [F e/H] = 0.2 ± 0.3, while the visual magnitude was measured by Tkachenko et al. (2013) : V = 11.7. Subsequent papers will address the p modes and binary properties, as well as addressing the individual stellar parameters of the constituent stars, as has been done for eclipsing binaries with intermediate-mass primaries (Hambleton et al. 2013; Debosscher et al. 2013; Maceroni et al. 2014 ). The phase modulation method ) has been applied to this system, showing that there are two sets of p modes in antiphase, hence showing that both stars pulsate in p modes. This will be discussed further in a subsequent paper.
In this paper we present an analysis of the g-mode spectrum for KIC 10080943. In the asymptotic regime, g modes are equally spaced in period (Tassoul 1980) . The steep composition gradient (µ gradient) between the core and outer layers causes a periodic deviation from this uniform period spacing (Miglio et al. 2008) . Furthermore, Bouabid et al. (2013) showed that the period spacing depends on the Coriolis force, as the rotation of the star shifts the g-mode frequencies to a higher value. These e↵ects have been observed in Kepler data for a number of Dor stars Van Reeth et al. 2015 ).
We used long cadence (LC) data from the full Kepler mission (Q0 -Q17) spanning 1470.5 d (4.0 y). The Fourier spectrum (Fig. 1) shows pulsations in both the g-mode and p-mode frequency regions. These regions are clearly separated, with the g-mode region below approximately 6 d 1 and the p-mode region above approximately 8 d
1 . We sequentially extracted the 250 strongest peaks from the Fourier transform of the light curve in the frequency range of 0.05 d 1 to the Nyquist frequency of 24.47 d 1 using PERIOD04 (Lenz & Breger 2004 , 2005 . Although we were interested in the g modes, the p modes were also extracted as their spectral window contaminates the low-frequency region of the Fourier spectrum, e↵ectively increasing the noise level. We also checked that the extracted peaks were not Nyquist aliases using the method outlined by Murphy, Shibahashi & Kurtz (2013) .
In the g-mode regime (0.6 to 1.7 d 1 ) we identified six series of pulsation modes. Each series is approximately equally spaced in period, suggesting that the peaks in each series share a common`and m value. Furthermore, some of the series are separated from others by a fixed frequency, suggesting rotational splitting. These six series are plotted with di↵erent symbols in theéchelle diagram, shown in Fig. 2 . The size of the points in this diagram are proportional to the logarithm of the amplitude of the peak, showing that all significant modes have been identified. Given that KIC 10080943 has been established as a binary (Tkachenko et al. 2013) , we were led to identify two sets of g modes with slightly di↵erent period spacings, one from each component of the binary. This is shown in Fig. 3 . Theéchelle diagram has been plotted with a period spacing between the actual period spacing of the two stars, resulting in the six g-mode series being askew, rather than vertically aligned. The lists of frequencies and amplitudes for the six g-mode series in the frequency range 0.6 to 1.7 d
1 are given in Tables 1 to 3 .
© 2015 RAS, MNRAS 000, 1-7 within 1/T = 6.8 ⇥ 10 4 d 1 of a calculated combination frequency.
Rotational Splitting
Of the six g-mode series, three were identified as forming a series of triplets with the same spherical degree (`value). The three g-mode series have azimuthal orders (m values) of m = 1, m = 0 and m = 1. These triplets have a constant frequency splitting of 0.071 d 1 , which we interpret as rotational splitting, as this splitting is many sigma di↵erent from the orbital frequency. Furthermore, we determined that curve, as shown in Fig. 5 . Series 1 and 2 (the doublets identified in Figs. 1, 3 and 4) are the only modes to couple with f7, suggesting that both these series, and f7, originate in one star in the binary, while series 3-6 originate in the other star. This tells us that both stars are pulsating with gravity modes.
DISCUSSION AND CONCLUSION
Binary systems containing pulsating components are particularly interesting to asteroseismology, as the binary system places bounds on the masses of the stars, while the oscilla- The peaks are plotted inéchelle format in Fig. 4 for the two stars, with symbol size indicating amplitude. The frequencies and amplitudes for the six g-mode series are given in Tables 1 to 3 . Importantly, all significant peaks in this frequency range have been identified with modes. The number of points in theéchelle diagram (Fig. 4) is greater than the number in the period spacing diagram (Fig. 2) , since the latter require two neighbouring modes for each period spacing, but some modes are missing. Values of m could still be assigned to modes in incomplete multiplets by tracing their period spacings. Kurtz et al. (2015) showed recently that the Fourier spectra of some g-mode pulsators are dominated by combination frequencies. We have checked whether any peaks in the main g-mode region of KIC 10080943 (0.6 to 1.7 d −1 ) are 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 1.5 1.6 1.7
Combination Frequencies
Figure 3. Top panel: Fourier spectrum of the g modes in the frequency range in the range 0.6 to 1.7 d 1 showing the identified peaks, marked in the same way as Fig. 1 . Bottom panel: Period spacing of the g modes in KIC 10080943. The period spacing is given by Pn = Pn P n+1 . The corresponding frequency for the x axis is the mean ( 1 /2(fn + f n+1 )) . series in both stars, as this frequency is consistent with the period spacing in either star. This is a tentative assessment, as the peak does not form a combination in the humps near 4.3 d 1 and 2.4 d 1 , suggesting that it may not be present in both stars. We were then able to assign quantum numbers`and m to these modes, as shown in Tables 1 to 3 . This includes a possible`= 2 series of modes, which are typically very faint in Dor stars, so are not often observed . Finally, many of these modes were identified to share the same`value and were hence spaced by a constant frequency splitting caused by the rotation of the star. As there were two distinct frequency spacings in the g modes, this again confirms the binary nature of KIC 10080943. Thus, in this paper, we have identified all combinations of other peaks. This was done by creating linear combinations (including harmonics) of the 15 strongest peaks, using up to three of these peaks with integer coefficients from −3 to 3. None of the observed frequencies were found to be within 1/T = 6.8 × 10 −4 d −1 of a calculated combination frequency. This is not surprising, given that all these peaks have already been identified with one of the six series of overtones.
On the other hand, the small hump in the frequency range 4.0 to 4.8 d −1 is made up of combination peaks. To be specific, these peaks have frequencies f3.3 + fg, where f3.3 = 3.3334962 ± 0.0000017 d −1 is one of the strongest peaks in the amplitude spectrum. As can be seen in Fig. 5 , the doublets we have assigned to Star A couple with f3.3 to produce additive combination frequencies, but the triplets we have assigned to Star B do not. This suggests that f3.3 originates in Star A and is further evidence that g-mode pulsations occur in both components of the binary. Subtractive (f3.3 − fg) combinations are also present.
Rotational Splittings
As discussed above, we identified two series of rotationally split = 1 multiplets, one in each component of the binarysee Fig. 3 . The triplets in Star B (m = 0, ±1) have frequency splittings of about 0.07 d −1 and are slightly asymmetric, as shown in the lower panel of Fig. 6 . The asymmetry is small, at about 0.5 per cent, and is presumably caused by secondorder effects (see Murphy 2014 for a discussion of non-equal rotational splittings in A stars in the Kepler era). The implied rotation period at the edge of the convective core is about 7 d.
The doublets in Star A, which presumably correspond to azimuthal orders m = ±1, have a frequency splitting of 0.091 d −1 . This varies slightly with frequency, as shown in the upper panel of Fig. 6 . This variation cannot be explained by radial differential rotation because the g-modes all probe the same region outside the core. Instead, it reflects the fact that the Ledoux constant C n,l has a small dependence on radial order, n (Bedding et al., in prep. ). Star A is a particAsteroseismic measurement of g modes in KIC 10080943 3 equally spaced in period, suggesting that the peaks in each series share a common ℓ and m value. Furthermore, some of the series are separated from others by a fixed frequency, suggesting rotational splitting. These six series are plotted with different symbols in theéchelle diagram, shown in Fig. 1 . The size of the points in this diagram are proportional to the logarithm of the amplitude of the peak, showing that all significant modes have been identified. Given that KIC 10080943 has been established as a binary (Tkachenko et al. 2013 ), we were led to identify two sets of g modes with slightly different period spacings, one from each component of the binary. This is shown in Fig. 3 . Theéchelle diagram has been plotted with a period spacing between the actual period spacing of the two stars, resulting in the six g-mode series being askew, rather than vertically aligned. The lists of frequencies and amplitudes for the six g-mode series in the frequency range 0.6 to 1.7 d −1 are shown in Tables 1 to 3 . We checked whether any peaks belonging to the six g-mode series could be combinations of stronger peaks. This was done by using the 15 strongest peaks and creating linear combinations (including harmonics) of up to three of these peaks with integer coefficients from −3 to 3. None of the observed frequencies was found to be within 1/T = 6.8 × 10 −4 d −1 of a calculated combination frequency.
Rotational Splitting
Of the six g-mode series, three were identified as forming a series of triplets with the same spherical degree (ℓ value). The three g-mode series have azimuthal orders (m values) of m = −1, m = 0 and m = 1. These triplets have a constant frequency splitting of 0.071 d −1 , which we interpret as rotational splitting, as this splitting is many sigma different from the orbital frequency. Furthermore, we determined that two of the other series of g modes form a series of doublets with the same spherical degree. The two g-mode series have azimuthal orders of m = −1 and m = 1. The doublets have a constant frequency splitting of 0.091 d −1 , which we also interpret as rotational splitting. These triplets and doublets are shown in Fig. 4. 
Combination Frequencies in One Star
In the frequency range 0.6 to 1.7 d −1 a number of the high places bounds on the masses of the stars, while the oscillations tell us about the star's internal structure. These systems, however, become much more complicated when both stars are pulsating, as the pulsations of the two stars overlap. It then becomes necessary to disentangle the pulsations to establish which modes originate from which star.
KIC 10080943 exhibits a large hump of g modes near 1 d −1 , as well as a smaller hump near 4.3 d −1 . From this first hump, we have identified six distinct series of g modes within the binary. Two of these series coupled with a strong rotational splitting, as this splitting is many sigma di↵erent from the orbital frequency. Furthermore, we determined that two of the other series of g modes form a series of doublets with the same spherical degree. The two g-mode series have azimuthal orders of m = 1 and m = 1. The doublets have a constant frequency splitting of 0.091 d 1 , which we also interpret as rotational splitting. These triplets and doublets are shown in Fig. 4. 
In the frequency range 0.6 to 1.7 d 1 a number of the high amplitude g modes (fg) combined with the strong peak at f7 = 3.3334962 ± 0.0000017 d 1 . These combination frequencies are of the form f7 + fg and f7 fg, so occur in the frequency ranges 4.0 to 4.8 d 1 and 2.2 to 2.7 d 1 respectively of the Fourier transform of the KIC 10080943 light curve, as shown in Fig. 5 . Series 1 and 2 (the doublets identified in Figs. 2 to 4) are the only modes to couple with f7, suggesting that both these series, and f7, originate in one star in the binary, while series 3-6 originate in the other star. This tells us that both stars are pulsating with gravity modes.
DISCUSSION AND CONCLUSION
Binary systems containing pulsating components are particularly interesting to asteroseismology, as the binary system places bounds on the masses of the stars, while the oscillations tell us about the star's internal structure. These systems, however, become much more complicated when both stars are pulsating, as the pulsations of the two stars overlap. It then becomes necessary to disentangle the pulsations to establish which modes originate from which star. 
CONCLUSION
KIC 10080943 is a binary system with two pulsating components, making it particularly interesting for asteroseismology. The combined oscillation spectrum is complicated because the two sets of g modes partially overlap in frequency. However, it was possible to disentangle them by identifying rotationally split doublets in Star A and triplets in Star B. The identification was helped by the presence of additive combination frequencies in Star A and not Star B. The rotational splittings of the g-mode multiplets imply core rotation periods of about 11 d and 7 d in Stars A and B, respectively. Analysis of the p modes, together with models of the oscillation frequencies, are presented by Schmid et al. (2015) and in future papers. Table 1 . A least-squares fit of the g-mode = 1 doublets in Star A (as shown in Fig. 3) for KIC 10080943. The uncertainties were determined by non-linear least-squares fitting. 
